Context. The details of the spectral profiles of extreme UV emission lines from solar active regions contain key information to investigate the structure, dynamics, and energetics of the solar upper atmosphere.
Introduction
The spectral profiles of the extreme UV (EUV) emission lines from the Sun below ≈1600 Å contain essential information on the dynamic and thermal structure of the plasma in the solar upper atmosphere (e.g., Mariska 1992 , Del Zanna & Mason 2018 . It is quite common that optically thin 1 Li & Peter: Plasma injection into a solar coronal loop emission lines in the EUV have non-Gaussian profiles with enhanced emission in the wings of lines as first reported by Kjeldseth Moe & Nicoles (1977) . They pointed out that a single-Gaussian can fit the core of the transition region lines, but cannot account for the enhanced line wings. Dere & Mason (1993) published a comprehensive summary of normal and exotic transition region line profiles and confirmed that the profiles of C iv and Si iv are in general not well described by a single-Gaussian. Usually, the excess emission in the wings is interpreted as being due to nonresolved high-velocity flows. They could be caused by various processes, such as twisting motions (De Pontieu 2014b) , field-aligned flows (De Pontieu 2009), reconnection outflows (Dere et al. 1989 , Innes et al. 2015 , or even more exotic effects (Peter 2010 ) such as non-Maxwellian velocity distribution functions.
In most cases where the transition region line profiles are not single-Gaussians, they are well described either by a double-or a triple-Gaussian profile. In the quiet Sun, two-component profile fits typically have a narrow core and a broad second component, which contributes up to 25% to the total intensity above the chromospheric network (Peter 2000) . Peter (2001) proposed that the second component and the line core are formed in radically different physical regimes, namely small network loops and coronal funnels that are mixed along the line of sight. In active regions, Peter (2010) found that the spectra are mostly best fitted by a narrow line core and a broad minor component, too. An association of the minor component with propagating disturbances was then reported by Tian et al. (2011b) . However, these two-component profiles might actually also be three-component profiles, with narrow components accounting to the excess emission in the two wings (Wang et al. 2013) . However, mostly the spectral resolution is not really sufficient to distinguish these two cases (Peter & Brković 2003) . Only in cases like explosive events (e.g., Dere et al. 1989 ) such a three-component structure is clear. More recent observations with the Interface Region Imaging Spectrograph (IRIS; De Pontieu et al. 2014a ) at unprecedented spatial and spectral resolution showed the existence of even more complicated spectra, e.g., with chromospheric absorption lines in the continuum and in strong transition region lines , self-absorption in transition region lines (Yan et al. 2015) , or complex bands of molecular lines in absorption and emission overlayed on the normal transition region spectra (Schmit et al. 2014) . All these effects are best seen in UV bursts (Young et al. 2018 ).
Chromospheric, transition region, and coronal lines ubiquitously show line profile asymmetries. In chromospheric lines Ding & Schleicher (1998) In the network regions, spectral lines show significant asymmetry in the blue wing of the emission line profiles, which was also considered as high-speed transition region and coronal upflows in the quiet Sun . Using both models and simulations, Martínez-Sykora et al. (2011) highlighted that the spectral asymmetry is sensitive to the velocity gradient with height (viz., along the line of sight) in the transition region of coronal loops. In an active region, Brooks & Warren (2012) identified regions of asymmetric profiles, and found that the red-blue-asymmetry is dependent on temperature. In some bright moss areas of two active regions, Tripathi & Klimchuk (2013) measured the red-blue-asymmetry in line profiles formed over a wide range of temperatures, and derived emission measure distributions from the enhanced wing emission. They emphasized that the red-blue-asymmetry and associated emission measures are small. Such non-Gaussians line profiles are also expected and found in hot active region structures. The nanoflare heating model predicts high-speed evaporative upflows (Antiochos & Krall 1979 , Patsourakos & Klimchuk 2006 , Li et al. 2015 ) that can show up in the spectra. Generating synthetic line profiles based on one-dimensional hydrodynamic simulations, Patsourakos & Klimchuk (2006) predict distinctive enhancements in the blue wing of the Fe xvii line profile. Such characteristics have been found in line profiles near the footpoints of active region loops (Hara et al. 2008 , Bryans et al. 2010 . Hara et al. (2008) observed significant deviations in the blue wing from a single-Gaussian profile and suggested that unresolved high-speed upflows occur there. Tian et al. (2011a) reported that a faint excess emission at ∼100 km/s in the blue wing of coronal emission lines generally accompanies the enhancement of the moments of the line profile, supporting the presence of unresolved upflows in active regions, too. Peter (2010) pointed out that in active region loops the excess emission in the line wing is seen simultaneously in the blue and the red wings near the loop apex.This is unlikely to be caused by a field-aligned flow, because in that observation the line-of-sight seemed to be almost perpendicular to the loop. This raises the question if the explanation of the excess emission near loop footpoints in the the blue wing of the profile being due to upflows is unique, either.
The EUV observations mentioned above are based either on comparably large raster scans or sit-and-stare observations. Both are acquired with slit spectrographs and cannot disentangle the spatial and the temporal evolution. The raster maps provide only very limited time resolution (typically longer than many minutes). In the sit-and-stare mode the slit is at a fixed spatial position, so the field-of-view of spectroscopic information is limited to one dimension along the slit. Because loops are elementary components in the solar atmosphere covering a range of sizes and time scales (e.g., Tian et al. 2009 , Peter et al. 2013 , Yan et al. 2013 , it is important to understand their dynamic and thermal characteristics. For example, using spectroscopic maps one can investigate the spatial structure of helicity in these loops (e.g., Li et al. 2014) , but the question remains how these spatial structures in the spectroscopic data change in time.
In this paper, we investigate the temporal evolution of the spectroscopic features in a loop as they evolve in time. In the IRIS observations of the Si iv line we present here, we have been lucky that the slit scanning the raster map was moving with just the right speed, so that it almost exactly followed a feature that was injected into the loop on one side and then propagated along the loop to the other footpoint. Because the apparent motion of the slit has the same velocity as the feature in the loop, we can follow the temporal evolution of the spectral features all along the loop.
Observations and data processing
The IRIS observatory provides simultaneous spectra and images of the upper solar atmosphere.
The active region investigated in this paper (NOAA AR 11850) was scanned several times by IRIS during its emergence in September 2013. In this active region, already hot explosions in the cool atmosphere of the Sun , and conversion from mutual helicity to self-helicity (Li et al. 2014 ) have been reported. In this study we use the raster map from 11:44 UT to 12:04 UT on September 24, 2014. The loop we investigate here is located in the north of the active region (cf. Notes. The lines of Fe ii and Ni ii are used for wavelength calibration. The rest wavelengths are taken from Sandlin et al. (1986) , see also Supplementary material S1 of Peter et al. (2014) . The column ∆v shows the difference of the rest wavelengths to the Si iv rest wavelength in velocity units. Peter et al. (2014) .
For the Doppler maps in the Si iv line a wavelength calibration is required. This is also provided with the level 2 data, but here we checked and reiterated the calibration. For this, the average spectrum of the quiet plage area surrounding the emerging active region is used. In particular, for the Si iv line at 1394 Å we employ the nearby Ni ii and Fe ii lines originating in the chromosphere that should show small line shifts, below 1 km/s (cf. Table 1 ). Considering also the uncertainties in the rest wavelengths we can expect the wavelength calibration to be limited to about 1 km/s (see Supplementary Material S1 of Peter et al. 2014) , which is more than sufficient for the purpose of this study. In particular the average Doppler shift of the Si iv line is about 6 km/s to the red, consistent with previous observations (e.g., Peter & Judge 1999) .
To embed the IRIS observations into the context of the structure and evolution from the photosphere to the corona, we use data from the Solar Dynamics Observatory (SDO; Pesnell et al. 2012 
Results

Overall properties of the emerging loop
We first investigate the general properties of the cool loop we see in the Si iv line. To show the context of the observation we display the observed loop in its line profile parameters along with the underlying magnetic field and the coronal context in Fig. 1 . The overall comparison of the snapshot of the 1400 Å slit-jaw image (Fig. 1a) and the raster map in the Si iv intensity from the spectra (Fig. 1b) shows that these are roughly similar. This demonstrates that in our observation in the loop the 1400 Å channel is indeed dominated by the transition region Si iv line. However, some bright dots are visible in the 1400 Å channel not seen in the Si iv line intensity, which are most likely due to the chromospheric contribution to the 1400 Å channel.
The most prominent feature in the field-of view in Fig. 1 is a cool loop visible in Si iv that is stable at least during the 20 min when building up the raster map. The central axis of the loop and its footpoints are highlighted in the figure (dotted line and red circles). We identify the loop and its footpoints visually based on the IRIS slit-jaw images in the 1400 Å channel. The corresponding HMI line-of-sight magnetogram (Fig. 1e) shows, as expected, that the loop connects two opposite polarity plage-type features in the active region. South of the loop is a highly dynamic region which hosts an UV burst which has been discussed by Peter et al. (2014) (their bomb B4 in their Fig. 1 ).
However, this UV burst is not connected to the loop we investigate here, at least in the sense that the temporal variability of the loop is not related to the UV burst. This is clear by the movie provided with the study of Peter et al. (2014) (and also visible in the animation we include with Fig. 7 ).
Furthermore the spectra in the UV burst are radically different from the loop (cf. is on the narrow side of the widths reported by Aschwanden & Peter (2017) . In particular it also roughly matches the loop width measured in the observations of the first Hi-C rocket flight (Cirtain et al. 2013) as seen in the 193 Å channel showing plasma at about 1.5 MK. There Peter et al. (2013) found that these coronal loops have a smooth cross-sectional intensity profile with little (or no)
indication of substructures, which one could interpret as the loops being spatially resolved. With IRIS and Hi-C having roughly the same spatial resolution (both about a factor of five better than AIA) this result suggests that there might be a common intrinsic width of cool loops (at 0.1 MK) and hotter loops (at several MK) that deserves further investigation.
The large-scale dynamics in the cool loop are visualized by the Doppler map in Fig. 1c . This indicates that the eastern part (left) of the loop exhibits a blueshift, while the western part is redshifted. The red and blue pattern is consistent with the interpretation of a siphon flow along the cool loop (e.g., Bethge et al. 2012) . The blueshift in the background surrounding the loop in-between the main polarities of the emerging active region might be interpreted as being due to flux emergence between the main polarities of the active region. Such general uplifts of the upper atmosphere as a whole in response to flux emergence are also seen in the simulation by Chen et al. (2014) .
To show the internal dynamics within the loop, we display the line width in Fig. 1d (Gaussian 1/e width). While in quiet Sun regions the (non-thermal line width) is of the order of 20 km/s, at the location of the loop the line width is significantly larger (by a factor of about 2). Because the thermal width of Si iv is only about 7 km/s, the widths shown in Fig. 1d are basically the same as the non-thermal line widths. Usually the non-thermal broadening is interpreted as being due to small-scale non-resolved (bulk and wave) motions in response to small-scale heating events (e.g., Dere & Mason 1993 , Chae et al. 1998 , Peter 1999 ). Thus one might attribute (at least part of) the non-thermal broadening to plasma heating along the loop. We emphasize that the width we find here is for the line core only, and that there is a significant contribution of the line wings to the total line intensity (at times up to 40%, see Sect. 3.5). So to some small extent the large line width of the single-Gaussian fits in the loop will be also due to the strong wings excess.
Interestingly, the loop in Si iv has a counterpart seen in the AIA channel at 171 Å ( 
Propagation of features along the loop
While overall the cool loop we study here is stable, numerous features can be seen that propagate along the loop, always in the same direction (east to west). To study this we investigate the slit-jaw images in the IRIS channel at 1400 Å that (in the loop) mainly shows the Si iv line (cf. Sect. 3.1). In particular, we check the temporal evolution of the 1400 Å emission along the dotted line in Fig. 1a .
The resulting space-time diagram is shown it in Fig. 2 .
There are two prominent black linear features in Fig. 2 , one starting at the time 10 min, and the other at 11 min. The one at 10 min with small spots (and marked by a small arrow) is the slit passing across the loop. The thicker black line is due to a bad spot on the detector (masked in black in the slit-jaw images). Projected onto the Sun, these artifacts move with an apparent speed of about 80 km/s.
The actual bright patches that move along the loop in east-west direction can be seen as inclined bright linear features, some of which are highlighted by the dotted lines. Typically these features move with roughly constant speeds ranging from some 45 km/s to 60 km/s. This is slightly larger By coincidence, the apparent motion of the slit along the loop has a speed similar to (though a bit faster than) the solar structures propagating within the loop. This is apparent when checking the propagating brightening moving along with the slit in Fig. 2 . This provides the nice possibility to follow the same structure as it moves and evolves along the loop. During the time the structure propagates along the loop (some two minutes) the difference between the apparent motion of the slit and the propagation of features along the loop translates into a difference in space of only about 2 Mm which is less than the size of the brightening. Also, from Fig. 2 . it is clear that the slit (black dots starting at ≈10 min) are all the time well within the same bright feature moving along the loop. Thus in the following we will assume that the spectra taken while the slit scanned the loop do originate from the same feature that is injected at the eastern footpoint and then propagates westwards along the loop.
Before this most prominent propagating feature appears (Fig. 2 , at time 8 min), there are several smaller propagating brightenings starting from the eastern footpoint. While it would be very interesting to study the spectra of these precursors, too, spectroscopic data are available only for the propagating feature starting around time 10 min. 
Non-Gaussian line profiles in the loop: injection and wing enhancement
The Doppler shifts derived from the core of the Si iv profile indicate a smooth siphon flow from the east to the west side (Sect. 3.1, Fig. 1c ). In contrast, the emission in the wings of the Si iv line exhibit a complex evolution while the plasma evolves from the injection at the eastern footpoint and then propagates to the west along the loop.
As a first step to investigate the Si iv line profile along the loop we display the corresponding parts of the detector images in Fig. 3 . We use the following housekeeping for the spectra: the 45 raster positions from the eastern to the western footpoint along the solar-x direction are labeled x1. . . x45. As a reference, in the context figure (Fig. 1b) we indicate these positions for x3, x13, x23, x33, and x43 by blue vertical lines. The length of each of these lines is identical to the spatial coverage (along the slit) of the detector images in Fig. 3 . The white marker in each of the spectra in Fig. 3 indicates the central axis of the loop, i.e., the location of maximum brightness across the loop (which is the same as the dotted line in Fig. 1b ). To highlight the asymmetry of the spectra, we also show contour lines of the spectral detector images in Fig. 3 . Here we show contour levels of 18%, i.e., at each spatial position we mark the wavelength (or Doppler shift) at which the intensity dropped to 18% of the peak intensity at that location. This choice of 18% is motivated by the residual of the Gaussian fits, which on average is 18% in the red and 21% in the blue wing. We simply took the smaller number. We also checked the contour levels at 15%, 20%, 25%, and 30%, but the results are qualitatively the same.
Near the eastern footpoint (x1) the detector images and the contours show a very clear signal of a one-sided excess emission in the blue wing, indicating the injection of plasma through an upflow into the loop (Fig. 3-x1) . Away from the footpoint, from position x2 to x5, the clear singlesided excess in the blue wing ceases. At these positions no clear excess emission is seen in the red wing. This is also confirmed by the plots of the spectral profiles on the central axis of the loop in Fig. 4 . From east to west, Fig. 4 shows the spectral profiles at the respective location of the peak intensity across the loop (i.e., at the location of the white markers in Fig. 3 ). Here the comparison to the single-Gaussian fits clearly reveals the line asymmetry, and at locations x1 to x5 the clear single-sided enhancements in the blue wing. Starting with position x6 there is significant excess emission in both wings, with a peak around x11. Finally towards the western footpoint (x45) both the detector images in Fig. 3 and the line profiles in Fig. 4 show a decrease of the excess emission in the wings. Actually, near the western footpoint the profiles are close to single-Gaussians.
This simple check of the spectra already reveals the pattern of injection at one footpoint and enhanced emission in both wings through the majority of the loop before turning into a more single-Gaussian profile at the other footpoint. With the discussion from Sect. 3.2 this implies that while a parcel of plasma flows from east to west it changes its spectroscopic properties over time after the injection from non-Gaussian to close to single-Gaussian. In the following we will quantify this impression by first characterising the spectral tilt in the detector images (Sect. 3.4) and then investigating the line asymmetries (Sect. 3.5).
To quantify the non-single-Gaussian nature of the line profiles several options are available.
For example, one could fit a kappa distribution to the spectra (e.g., Dudik et al. 2017 ). This could account for the enhanced emission in the line wing, but not for the asymmetries we see. This is why we do not consider this option. Another possibility would be to use double-Gaussian fits (e.g., and the line profile asymmetry. This procedure does not use a priory assumption on the physical process causing the non-Gaussian nature of the profile and it allows a quantitative comparison to future models for the line profiles in loops. This is why we follow this latter option in Sect. 3.5.
Quantifying the spectral tilt and helical flow
If a line profile gradually shifts its position (or centroid) with the spatial direction along the slit, the resulting detector image of the line profile will be tilted. This can be illustrated by the detector image at position x33 along the loop as shown in To quantify the spectral tilt, we use the red contour lines (at the 18% level 2 ) of the detector images in Fig. 3 . We determine the maximum blueshifts ∆v blue and redshifts ∆v red (both numbers defined to be positive) of these contours with respect to the Doppler shift v D of the line core (cf.
Sect. 3.1) at the respective location. The Doppler dispersion (viz., width of the 18% contour level) is then given by the sum of these two, ∆v = ∆v red + ∆v blue . Recording the position along the slit where the maximum redshift and blueshift occur, we can then determine the spatial offsets ∆y between the maximum redshift and blueshift of the contours. This yields the spectral tilt, ∆y/∆v. Essentially, the spectral tilt is a measure for the slope of the line connecting the location of maximum blueshift and redshift in each detector image (i.e., the blue lines in Fig. 3 ; e.g., see x33 for a good example). If there is no evident maximum red or blue wing contour (e.g., with x1 in Fig. 3 ), we assume that ∆y = 0. Of course, the values for the quantities ∆v blue , ∆v red , ∆y, and ∆y/∆v will depend (slightly) on the choice of the contour level (here 18%). However, we use ∆y/∆v mainly to investigate systematics of the spectral tilt and as such, the actual values are not important.
The Doppler dispersions (∆v, ∆v red , ∆v blue ), the spatial offset (∆y), and the spectral tilt (∆y/∆v) are shown along the loop in 
Quantifying the evolution of the plasma parcel moving along the loop
To quantify the evolution of the plasma parcel moving along the loop, we characterize the line core parameters and the asymmetry and excess emission in the wings of the Si iv profiles. This analysis uses the single-Gaussian fits of the line core (cf. Sect. 3.1) which provide the total intensity of the line core, T SG = I SG dv, and its Doppler shift v D . We use I SG and I obs to denote the profile of the single-Gaussian fit (of the core only) and the actually observed profile. Then the residual of the intensity in the blue wing can be defined as
Likewise, the residual in the red wing is
We can now define the total residual as
and the red-blue asymmetry as The residuals provide the information on how strongly the observed profile deviates from the Gaussian fitting the core -for the blue and red wing separately and for the whole profile. These are relative measures, and we find that the excess emission in both the blue and the red wings can reach up to 40% of the total intensity of the Gaussian fit to the line core (e.g., in Fig Tian et al. 2011a) . In our study, we consider the whole wavelength range (formally from ±∞ to v D ). Qualitatively the results are the same as when having a more restricted wavelength (or velocity) range. Most importantly, we do not only consider the red-blue asymmetry, A r , as done before, but also the residual R. This is important for the following simple reason. Even if there is no asymmetry, A r ≈0, there might be a significant deviation from a (single) Gaussian profile as emphasized already by Peter (2010) . In our data set this is the case, e.g., around 5 ′′ from the eastern footpoint (Figs. 6c,d ): here both the residuals in the red and blue wing are about 0.3, and there is no asymmetry (cf. profile x13 in Fig. 4 ). Consequently, one should not look at the red-blue asymmetry alone, but also investigate the excess emission in the line wings, here characterized through R, R red , and R blue .
The variation of the line profile parameters indicate not only a spatial variation, but mainly a temporal variation of a plasma parcel moving along the loop (cf. Sect. 3.1). To illustrate this variation, we plot in Fig. 6 the (line core) intensity, T SG , the Doppler shift, v D , the residuals, R, and the line asymmetry, A r , along the loop. The total intensity, T SG (Fig. 6a) , peaks when the plasma parcel reaches the middle (apex) of the loop. During the injection and also when it reaches the opposite footpoint the intensity is lower. Checking the density-sensitive lines of O iv around 1400 Å we find that there is only a small change (less that 10%) of the ratios from the loop footpoint to the apex. This applies to both ratios, 1401/1400 and 1401/1404. Thus we would expect only a modest change of density from footpoint to apex that cannot account for the intensity increase. Instead we argue that a small temperature change is responsible for the intensity variation (see Sect. 4.3). The line centroid of the line core profile, v D (Fig. 6b) , shows a redshift in the immediate vicinity of the eastern footpoint (closer than 1.5 ′′ ), which is also where the strongest excess emission in the blue wing is found (see below). In the major eastern part the shift is then towards the blue, and in the middle of the loop it turns to red. This is consistent with a continuous flow from east to west along the loop, where on the eastern half ("left" of the loop apex) we see the projected upflow and in the western half we see the downflow. These projected flows speeds near the footpoints are of the order of 5 km/s (cf. Fig. 6b ).
The enhancement in the blue wing, R blue , is highest at the eastern footpoint consistent with an injection of plasma (Fig. 6c) , because here the excess emission in the red wing is rather small.
Inspection of the profiles (x1 to x3 in Fig. 4) indicates that this upflow reaches speeds of 50 km/s to 100 km/s. So within 1 ′′ to 1.5 ′′ from the eastern footpoint we see a high-speed upflow into the loop, while the bulk part of the plasma imaged here by the Si iv line shows a net downflow (v D being about 5 km/s to the red). The high-speed injection is strong, because its R blue is up to 0.5, implying that the upflowing plasma emits 50% of the Si iv emission compared to the source region of the line core associated with the slow downflow.
The excess emission in the red wing behaves quite different from the blue wing. While the blue wing drops more or less continuously from the eastern to the western side of the loop (with some fluctuations), the excess in the red wing, R red , first increases within the first 5 ′′ from the eastern footpoint. When it reaches its maximum, the excess in the red wing roughly matches that in the blue wing, R red ≈R blue . From there on to the western footpoint the excess emission in the red and blue wings very roughly match and more or less monotonically drop (even though there is some fluctuation). This implies that at the western footpoint the line profile is close to a (single) Gaussian.
This quantitative result matches the visual impression of the line profiles in Fig. 4. The evolution of the excess emission in the blue and red wing, of course, leaves its mark in the red-blue asymmetry of the profile, A r (Fig. 6d) . This asymmetry is very strong only close to the footpoint, while over most part of the loop (more than 4 ′′ away from the eastern footpoint) the asymmetry is comparably small. Clearly, with only looking at the red-blue asymmetry, one would not recognise that there is a significant excess emission in both line wings with roughly the same magnitude that is decreasing while the gas parcel moves along the loop to the footpoint opposite of where it was injected.
While the above results have been derived only for the spine of the loop (viz., the central axis of the loop, see dotted line in Fig. 1b) , they are not special for this thin on-axis part of the loop.
To demonstrate this, in Appendix A we show the line profiles two IRIS pixels (or 0.33 ′′ ) to the north and south of the central axis of the loop (Figs. A.1 and A. 2), i.e., at the edge of the loop.
Likewise, we repeat plots with the variation of the various line profile parameters along the loop, once for the locations two pixels to the north and south (Fig. A.3) and for averaging the profiles in the north-south direction (Fig. A.4) . This makes clear that the results we showed in this paper are robust and reliable, and do not depend on the exact spatial positions we chose within or across the loop.
Discussion
The IRIS slit scanned the Si iv loop with roughly the same speed as the plasma within the loop is moving from east to west. This lucky coincidence provides a nice opportunity to follow the same gas parcel as it moves along the loop and study its evolution.
Loop geometry
The cool loop seen here is (most probably) a rather flat loop. The proper motion along in the loop from east to west is of the order of 60 km/s. The blueshift on the eastern and the redshift on the western side are about 5 km/s. Considering a simple geometry, the inclination angle of the flow, and thus the angle of the magnetic field channeling the flow, near its footpoints is only of the order of 5 
Heating and injection of plasma at loop footpoint
Transiently brightening features at the eastern footpoint expand into the loop and we then see the plasma moving along the loop (Sect. 3.2). Together with the clear excess emission in the blue wing (Sects. 3.3 and 3.5) at the eastern footpoint, this strongly supports that there is an injection of plasma. Such injections at loop footpoints have been suggested before to supply mass to coronal structures (Xia et al. 2003 , Guo et al. 2010 , Tian et al. 2011b ), because these would naturally cause enhancements in the blue wing , Tian et al. 2011a , Brooks & Warren 2012 . Alternatively, the excess emission we see in the blue wing might be also due to high-speed evaporative upflows as predicted in the nanoflare heating model (Patsourakos & Klimchuk 2006) . However, those models would predict the upflows at very high temperatures (several MK) (Li et al. 2015) , while here we see the spectral signature in Si iv that shows plasma below 0.1 MK.
The spectral properties of the Si iv profile show an interesting feature, that seems to contradict itself at first sight. As mentioned above, the excess emission in the blue wing as well as the proper motions indicate that plasma is injected into the loop. However, the core of the line profile shows a clear net redshift near the eastern footpoint. As expected from the general transition region redshifts, at this loop footpoint also C ii at 1336 Å and O vi at 1401 Å show a net redshift. The redshift of O iv is 2 km/s to 3 km/s larger than the redshift of the Si iv core. C ii is not straight forward to interpret because of its self-absorption feature. Actually, the line core redshift and the strong line asymmetry to the blue side seem both to be restricted to the first 2 ′′ from the footpoint (cf. Figs. 6b and d). This suggests a fast up-and slow downflow to co-exist in the same resolution element of the observation.
This can be understood in the following scenario. If there is strong heating (with high energy input per particle) at around or just above the formation temperature of Si iv, say at a few 0.1 MK, then at that location the pressure would be enhanced locally. This is consistent with the findings in 3D MHD models that predict a maximum of the energy input per particle at temperatures between 0.1 MK and 1 MK (Hansteen et al. 2010 , Bingert & Peter 2011 . In response, the bulk of the plasma below would be pushed down causing a redshift of the line core. Because this pushes the plasma into the higher-density regions below, the speed would be rather limited. The enhanced pressure would then also accelerate some of the plasma upwards and because it moves into the thinner (hotter) parts, this upwards acceleration would cause higher speeds, just as observed: the excess emission in the blue wing is found around 50 km/s or even more, while the core of the profile is shifted only by a few km/s (cf. x1 to x3 in Fig. 4 ). This is similar to the numerical models by Spadaro et al. (2006) and Hansteen et al. (2010) . They see cool downward moving plasma and upward accelerated plasma that is heated (and seen then at higher temperatures) but accelerated by a much smaller degree (blueshifts of only a few km/s). In our observation we see a coronal signature (i.e., heated plasma) in the loop, too, which is clearly visible in the 171 Å observations (see Fig. 1 and Sect. 4.4). However, there is also a cool loop at the same location, and the injected plasma (seen in the line wing) reaches much higher speeds on the order of 50 km/s. In conclusion, this observation of the downward motion seen in the core of the line profile while at the same time there is an excess emission and strong asymmetry in the blue wing of the same Si iv line poses a challenge for current models.
Helical motion and turbulence along the loop
In our observations we find two spectral features that might be tightly connected: the presence of a spectral tilt (Sect. 3.4) and the (almost) symmetric excess emission in the line wings (Sect. 3.5) in the middle part of the loop, i.e., away from the loop footpoints. These two features might be related to the presence of a helical flow and to the turbulent state of the magnetic field in the loop.
Spectral tilts can be interpreted by a helical motion in the loop. The spatial offset of red and blue shifts on the two sides of the loop (cf. Fig. 3 and Sect. 3.3) indicate the presence of a rotational component of the flow. Together with the observed (proper) motion along the loop this indicates a helical motion of the plasma. At the transition region temperatures where Si iv forms, the atmosphere should be in a low plasma-β stage (Peter et al. 2006; their Fig. 12a) . Consequently, the flows should be parallel to the magnetic field and the helical flow of the plasma indicates that the magnetic field in the loop is helical, too. Such helical (or twisting) motions have been seen before.
For example, Li et al. (2014) interpreted the changes of the spectral tilt in time as being due to the change from mutual to self helicity of two interacting loops, and De Pontieu et al. (2014b) found the presence of twisting motions to be ubiquitous.
These helical twisting motions might be related to the red-blue-asymmetries. The asymmetry is changing along the loop, i.e., while we follow the ejected plasma packet (Figs. 6c and d) . Therefore the twisting motions could show themselves as enhancements in the line wings. Should this be the case, we would expect an oscillatory variation of the line asymmetry, i.e., with the twisting moving back and forth we would see the enhancements alternating between the red and blue wings. Instead, after the initial phase we see only a small asymmetry which is mostly slightly leaning to the blue wing (see Fig. 6 ). Thus, we do not think that the line asymmetries are caused by helical twisting motions. Other possibilities for a (symmetric) enhancement of the line wings might be a change of the velocity distribution of the ions due to ion heating by Alfvén waves or due to the motions directly associated with the different modes of MHD waves (Peter 2010; his Sects. 4 .3 and 4.5.1).
The presence of a helical structure within the loop hints at the driving of the loop through footpoint motions. The original idea of Parker (1972 Parker ( , 1988 was that irreversible horizontal motions in the photosphere braid the magnetic field and induce currents in the corona that will be dissipated in a transient fashion in the form of nanoflares. Numerous models have been constructed that use (simple helical) motions at the loop footpoints and investigated how these motions drive the heating and dynamics in the coronal part of a loop (e.g., Wilmot-Smith et al. 2011) . Alternatively, some studies assumed a braided state of the loop as an initial condition (that would have been induced by e.g., helical motions) and concentrated on the relaxation phase when the magnetic field reconnects and heats the plasma (e.g., Pontin et al. 2017) . Models with sufficient resolution find the magnetic field in the loop to be in a turbulent state (e.g., Reid 2018, their Fig. 5) . If the magnetic field is in a turbulent state, also the motions along the magnetic field will be distributed in all directions (and not only along the major axis, viz., the guide field, of the loop). Consequently we can expect significant line broadening in this situation, which might show up as a broadening of the line core and as a broad additional component in the emission line profiles, i.e., as enhanced wings. In our observations we see both the increased line width in the loop (cf. Fig. 1d ) and excess emission in both line wings (e.g., Fig. 4, x11 to x25 ).
If turbulence is present in the loop, it would also go along with heating of the plasma and consequently an increase in the emission from the loop (Fig. 6a) . The large line width in the loop (Fig. 1d ) also supports that the plasma is heated. Considering the contribution function of Si iv, only a modest increase of the temperature from, e.g., 60 000 K to below 80 000 K would be sufficient to explain an increase in intensity by a factor of two, consistent with Fig. 6a .
In general, in these 3D loop models helical motions will lead to a braided state that in turn results in a turbulent state of the magnetic field and conversion from magnetic to thermal (and kinetic) energy. Future numerical loop models will have to investigate if the turbulent state of the magnetic field will indeed result in a line broadening and wing enhancement as we observe here.
Only then we can clearly link the presence of helical motions in the loop to the enhanced emission in the line wings.
Presence of a coronal component in the cool loop
If heating is present in the loop, (parts of) the plasma might be heated also to coronal temperatures.
Our investigation so far concentrated on the spectral profiles of the Si iv line. In equilibrium, this line forms below 0.1 MK and in the bright parts of an active region it will dominate the slit-jaw images of IRIS in the 1400 Å band. We see the loop under investigation also in AIA data, e.g. in the 171 Å band (Fig. 1f) . The loop is visible also in other AIA channels (e.g., 304 Å, 131 Å, and 193 Å), but we will concentrate on the 171 Å band here.
That we see emission at 171 Å is not sufficient to argue that we indeed see hot coronal plasma here. Usually, the bulk of the 171 Å band is dominated by Fe ix forming at coronal temperatures just below 1 MK. But there is also a contribution from lower temperatures around 0.2 MK to 0.3 MK (e.g., Boerner et al. 2012 ). Because we see the loop in O iv 1401 Å forming at about 0.2 MK, one might wonder if the loop at 171 Å might be due to cool plasma at (a few) 0.1 MK and does not represent coronal emission at about 1 MK.
To test this, we compare the temporal evolution of the images in AIA 171 Å to the IRIS slit-jaw images at 1400 Å. If 171 Å would be dominated by cool (few 0.1 MK) plasma, then 171 Å and 1400 Å should show the same temporal evolution. In Fig. 7 we show snapshots in the two bands together with the evolution of the emission from the apex region of the loop. The movie that is attached to Fig. 7 displays the evolution in 171 Å and 1400 Å over the time the slit crosses the loop.
There we see the apparent motion along the loop in 1400 Å that is captured in the space-time plot in Fig. 2 . We also see a brightening near the loop apex in 171 Å, but because of the significantly lower spatial resolution of AIA compared to IRIS, apparent motions are more difficult to isolate on these scales. Still, we can study the temporal variation in the region around the apex of the flat loop that we here approximate by a rectangle (Figs. 7a,b) . We integrate the emission in 171 Å and between the two channels, with the 171 Å channel brightening about half a minute to one minute after the 1400 Å channel. This time lag shows that 171 Å in this loop can not be dominated by cool plasma. Hence the loop we see in 171 Å should originate from coronal plasma.
Instead, the time lag between the 1400 Å channel (0.1 MK) and the 171 Å band (1 MK) indicates that the plasma is heated. Thus we find further supporting evidence for heating in the loop as discussed in Sect. 4.3.
Conclusions
Using the data of an emerging active region mapped by IRIS, we studied the evolution of plasma injected into a cool transition region loop by investigating the details of the Si iv (1394 Å) line profiles. In this low-lying loop, at some 12 Mm in length it climbs probably less than 1 Mm, a steady flow from the eastern to the western side is established (Sect. 4.1).
At the eastern footpoint we see a clear high-speed injection of plasma into the loop, revealed by a strong excess of the emission in the blue wing of the Si iv line profile (Sect. 4.2). At the same time, the line core is redshifted at this same footpoint which is indicative of a strong heating event at temperatures just above where Si iv forms. This would cause a (local) pressure enhancement that
would press the bulk of the plasma down, while some part is injected into the loop.
In the loop we find a signature for a helical flow which implies that also the magnetic field is helical (Sect. 
